Introduction
Aminoesters are important classes of organic compounds due to their wide range of biological and pharmacological activities. Aminoester-based compounds such as taxol and taxotere are a subunit in many natural products that have been investigated for screening of treating specific neoplasms.
1 A bioreducible linear poly(β -amino ester) has been designed to condense siRNA into nanoparticles and efficiently release it upon entering the cytoplasm. 2 A library of end-modified poly(β -amino ester)s have been reported as gene delivery vehicles. 3 Therefore, the development of novel, rapid, and clean synthetic routes towards focused libraries of such compounds is of great importance to both medicinal and synthetic chemists. A series of N-supported β -aminoesters have been designed via the aza-Baylis-Hillman reaction. 4 Recently, the synthesis of cyclic β -aminoesters via the three-component coupling of primary amines, β -ketoesters, and chalcones has been reported using MCRs in the presence of cerium(IV) ammonium nitrate (CAN) as catalyst. 5 However, some of the reported methods tolerate disadvantages including long reaction times and harsh reaction conditions. Therefore, to avoid these limitations, the exploration of an efficient, easily available catalyst with high catalytic activity and short reaction time for the preparation of β -aminoesters is still favored. The possibility of accomplishing multicomponent reactions under moderate conditions with a heterogeneous catalyst could improve their effectiveness from operating cost and ecological points of view. Nanoparticles can exhibit unique physical and chemical properties owing to their limited size and high surface areas. The high surface area of the nanoparticles is responsible for their catalytic activity. They decrease reaction times, impart greater selectivity, and can be easily recovered from the reaction mixture by simple filtration. 
Results and discussion
The catalyst was prepared by the co-precipitation technique using aqueous ammonia solution as the precipitating agent. The XRD patterns for CeO 2 nanoparticles are shown in Figure 1 . The particle size of CeO 2 nanoparticles was investigated by XRD pattern. The crystallite size diameter (D) of the CeO 2 nanoparticles was calculated using the Debye-Scherrer equation (D = Kλ/β cos Θ), where FWHM (full-width at half-maximum) is in radians, Θ is the position of the maximum of the diffraction peak, K is the so-called shape factor, which usually takes a value of about 0.9, and λ is the X-ray wavelength. The pattern agrees well with the reported pattern for CeO 2 nanoparticles (JCPDS No. 43-1002). The crystalline size was calculated from FWHM using Scherrer's formula and was observed to be 11 nm. The morphology and particle size of CeO 2 NPs were studied by scanning electron microscopy (SEM) as shown in Figure 2 . The SEM images display particles with diameters in the size of nanometers. Initially, we carried out the MCR between butyl amine, ethyl acetoacetate, and chalcone at room temperature as a model reaction in the presence of different catalysts. Meanwhile, we observed the effect of different solvents on the progress of the reaction. Ethanol was found to be the best solvent, in which the product was obtained in good yield. We examined several catalysts for this multicomponent synthesis. From the results, reported in Table 1 , it is evident that CeO 2 nanoparticles are the best catalyst among those tested. The model reactions were carried out in the presence of various catalysts, such as ZrO 2 , CuO, InCl 3 , and CAN. When the reaction was carried out using CAN and CeO 2 NPs as the catalyst, the product was obtained in moderate to good yield. The reaction works well for different chalcones and primary amine. The substituents with electron-withdrawing properties reacted faster than substituents with electron-donor properties at both aromatic rings (Table 2) . We also investigated recycling of the CeO 2 NPs as catalyst in ethanol for the preparation of product 4a. The results showed that CeO 2 NPs can be reused several times without noticeable loss of catalytic activity (run 1 85%, run 2 84%, run 3 83%, run 4 81%, run 5 81%).
The mechanism of these domino reactions is proposed in Scheme 2. Moreover, the present reaction CeO 2 NPs may act as Lewis solid acids. The increased surface area due to small particle size increased reactivity. The reaction proceeded with complete selectivity in favor of the diastereoisomer having a cis-arrangement for the aryl substituents at C-4 and C-6, with both substituents placed in an equatorial position. We have developed a straightforward method for the synthesis of 2-aminocyclohex-1-ene-1-carboxylic esters at room temperature in good to excellent yields in the presence of CeO 2 nanoparticles as a reusable and efficient catalyst.
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Experimental
Chemicals and apparatus
All organic materials were purchased commercially from Sigma-Aldrich and Merck and were used without further purification. All melting points are uncorrected and were determined in a capillary tube on a Boetius melting point microscope. FT-IR spectra were recorded with KBr pellets using a Nicolet Magna 550 IR spectrometer. NMR spectra were recorded on a Bruker 400 MHz spectrometer with CDCl 3 as solvent and TMS as internal standard. Powder X-ray diffraction (XRD) was carried out on a Philips X'pert diffractometer. Microscopic morphology of products was visualized by SEM (MIRA 3 TESCAN).
Preparation of CeO 2 nanoparticles
Nano CeO 2 was prepared according to the method reported in the literature with some modification.
19 CeO 2 nanoparticles were prepared by a co-precipitation procedure with postannealing in air. Briefly, 3 g of highly pure Ce(NO 3 ) 3 .6H 2 O was dissolved in a mixture of 50 mL of deionized water and 20 mL of alcohol. Then the adequate amount of aqueous ammonia solution (28 wt%) was added to the above solution until the pH value reached 8. Next the mixture was stirred for 4 h at room temperature and then dried at 80 • C for 6 h. After, the solid was treated at 700
• C for 2 h to obtain the CeO 2 nanoparticles.
General procedure for the synthesis of 2-aminocyclohex-1-ene-1-carboxylic esters
A solution of amine (3.9 mmol) and ethyl acetoacetate (3 mmol) in ethanol (4 mL) and CeO 2 nanoparticles (4 mol%) as catalyst was stirred for 15 min at room temperature. Chalcone (3.3 mmol) was then added to the stirred solution and the stirring was continued for the time periods specified. After completion of the reaction, as indicated by TLC, the mixture was dissolved in CH 2 Cl 2 (20 mL), filtered, and the heterogeneous catalyst was recovered, washed with water and brine, dried (anhydrous Na 2 SO 4 ), and the solvent was evaporated under reduced pressure. Pure products were obtained by column chromatography on neutral alumina, eluting with an n -hexane-ethyl acetate mixture (90:10 v/v).
Spectral data Ethyl 2-(butylamino)-4-hydroxy-4,6-diphenylcyclohex-1-enecarboxylate (4a): mp 97-100
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